State-of-the-art ab initio quantum mechanical methods and large basis sets are employed for the study of the electronic structure of the first two states of CuC, 4 ⌺ − and 2 ⌸. A one-electron sigma bond state ͑ 4 ⌺ − ͒ competes with a two-electron -bond state ͑ 2 ⌸͒ for the ground state of the CuC system. The combined effects of core-valence correlation and relativity point to an X-state of 2 ⌸ symmetry with D e = 51.9 kcal/ mol and r e = 1.772 Å. The 4 ⌺ − state is predicted to lie 2.1 kcal/mol higher at r e = 1.787 Å.
I. INTRODUCTION
In a series of publications we have examined the electronic structure and bonding of the diatomic 3d-transition metal carbides MC= ScC, 1͑a͒ TiC, 1͑b͒ VC, 1͑c͒ CrC, 1͑d͒ MnC, 1͑e͒ FeC, 1͑f͒,1͑g͒ CoC, 1͑h͒ and NiC ͓Ref. 1͑i͔͒ through high level ab initio calculations. Albeit chemically "elementary," these are computationally formidable systems whose definitive description is still a challenge to modern theoretical quantum chemistry. We also believe that the MCs are a terse system of molecules on which newly developed computational methodologies could be profitably tried and tested. We presently report multireference configuration interaction ͑MRCI͒ and coupled-cluster ͑CC͒ calculations on the two lowest states of copper carbide, CuC, the last member of the MC sequence. To the best of our knowledge, there is a complete lack of experimental results on CuC, whereas theoretical investigations are limited to, in essence, a single density functional theory work. 2 The following basis sets are used in the current work. For the Cu atom the cc-pV5Z ͑-NR and -DK͒ basis set, 3 where -NR and -DK refer to nonrelativistic and Douglas-Kroll, 4 respectively, and the cc-pwCV5Z ͑-NR and -DK͒ ͑Ref. 3͒ set for core-valence calculations, whereas for the C atom the cc-pV5Z ͑-NR and -DK͒ basis sets 5 were employed. 6 These were generally contracted to ͓9s8p6d4f3g2h1i͔ Cu + ͓6s5p4d3f2g1h͔ C and ͓11s10p8d5f4g3h2i͔ Cu + ͓6s5p4d3f2g1h͔ C for the valence and core-valence calculations, respectively.
The multireference methods selected are the active space self-consistent field+ single+ double replacements ͑CASSCF+1+2͒ and the averaged coupled pair functional ͑ACPF͒ ͑Ref. 7͒ within the internally contracted ansatz, as implemented in the MOLPRO 2006.1 suite of codes. 8 The latter approach was employed to ameliorate the pernicious size nonextensivity errors introduced by the MRCI in a system of 15 valence electrons.
The single reference method used is the restricted CC singles+ doubles+ semi perturbative triples, RCCSD͑T͒. 9 At the RCCSD͑T͒ level, we also performed core-valence calculations by including the intermediate core 3s
2 3p 6 electrons of the Cu atom, tagged as C-RCCSD͑T͒.
The orbital space used for both the single-and multireference correlation treatments was obtained from a stateaveraged CASSCF wave function of the 4 ⌺ − and 2 ⌸ states using the ͑2s +2p͒ valence space of C and the 4s orbital of Cu. The natural orbitals of the SA-CASSCF wave function were subsequently used for a full valence ͑4s +3d +2s +2p͒ CI diagonalization of the Hamiltonian of either 4 ⌺ − or 2 ⌸ symmetry. The second set of natural orbitals was employed in the construction of the MRCI or ACPF wave functions as well as for the calculation of the RCCSD͑T͒ energies. The same strategy was followed when scalar relativistic and corevalence correlation effects were taken into account.
The above computational scheme gives a coherent description of both 4 ⌺ − and 2 ⌸ states considering the severe problems encountered when one wishes to accurately describe the late 3d-transition metals.
An electronically congested 3d shell needs an additional set of diffuse d orbitals even at the most elementary quantum mechanical description as described in the literature from the late 1970s ͑Ref. 10͒ and these were added to the basis sets. It is nevertheless computationally impossible to extend the active space of the reference wave functions in order to account for the spatial inequivalence of the 3d electrons.
The inability to accurately describe the 3d 10 and 3d 9 atomic environments also extends to the study of the excited states of CuC. We were therefore forced to examine only the 4 ⌺ − and 2 ⌸ states which do not interact substantially with higher states of the same symmetry and which emanate from the excited states of both Cu and C.
For the two states studied, 4 ⌺ − and 2 ⌸, we have constructed full potential energy curves ͑PECs͒ at the MRCI, ACPF, RCCSD͑T͒ ͑ 4 ⌺ − ͒ and MRCI and ACPF levels ͑ 2 ⌸͒. From the diagrams given above, one would expect that the ground state ought to be of 2 ⌸ symmetry due to the genuine 2 − e − sigma bond and a small 3d -2p delocalization, vis-à-vis a half ͑one electron͒ -bond of the 4 ⌺ − state. However, the situation is more interesting as can be seen from Table I ure 1 displays PECs of the two studied states. We observe that as we increase the level of theory from MRCI to MRCI+ Q to ACPF to RCCSD͑T͒ the 4 ⌺ − -2 ⌸ separation decreases from 7.1 to 5.1 to 5.0 to 2.7 kcal/mol, respectively. Taking into account core-valence correlation effects ͓CϪRCCSD͑T͔͒, T e decreases further to 2.1 kcal/mol with the 4 ⌺ − appearing consistently to be the ground state. Including relativity to the valence calculations through the DK Hamiltonian, the T e diminishes by 3.6Ϫ3.9 ͑MRCI − MRCI+ Q͒, 3.8 ͑ACPF͒, 2.7 ͓RCCSD͑T͔͒, and 2.1 ͓CϪRCCSD͑T͔͒ kcal/mol. However, the combined effects of correlation and relativity at the RCCSD͑T͒ or C-RCCSD͑T͒ level makes finally 2 completeness, although Zn can be hardly considered a 3d-transition metal element. Observe that in this M-like diagram, CuC has the lowest binding energy of all MCs ͑MCs =Sc−Cu͒ and the longest bond length with the exception of ScC.
II. RESULTS AND DISCUSSION

